Abstract: Copper-indium-diselenide (CIS) particles were prepared by the electrochemical reduction from the mixture solution of corresponding ion compounds. The prepared CIS was used as an insertion layer or a blending component in the organic photovoltaic bulk heterojunction cells composed of poly(3-octylthiophene) and fullerene. The increase of CIS content resulted in the rapid decrease of the open-circuit voltage as well as short-circuit current. The photovoltaic parameters were analyzed in relation to the structures, composition, and morphology of the photovoltaic blends.
Introduction
The research for new solar cell materials is receiving a great attention in the filed of renewable and inexhaustible energy, because it eventually aims low cost and high energy conversion efficiency for the replacement of fossil and atomic energy. Many new materials have been studied as solar cell materials, including conventional inorganic materials as well as organic materials such as semiconductive polymers, fullerenes, and carbon nanotubes. 1 Use of organic materials makes it possible to process solar cells into flexible and large films with a low production cost. However, for the commercialization of organic solar cells, their low conversion efficiency and the fast environmental decay of the modules should be overcome. 2, 3 Remarkable progress has been made in the development of solar cells using organic molecules or conjugated polymers over the past two decades. An important advance is the development of the architecture of semiconducting polymers in combination with electron accepting fullerenes, which exhibit ultrafast photoinduced charge transfer at the donor/acceptor interface, resulting in a metastable charge-separated state. 4, 5 Polythiophene and its analogues are most frequently used conjugated semiconducting polymers in organic photovoltaic cells.
Meanwhile, solar cell based on CIS or CIGS (copperindium-gallium-diselenide) semiconductors is one of the most promising candidates for low-cost solar energy conversion applications. CIS and CIGS are direct semiconductors composed of copper, indium, gallium, sulfur, and selenium.
Since their synthetic methods are diverse, it is possible to prepare electrode and solar cell materials with different thicknesses and shapes using various fabrication methods.
Furthermore, they show a very high optical absorption coefficient with a direct band gap of around 1.0 eV which allow high absorption of solar spectra as an absorber layer. 6 In this study, we attempted to use CIS materials as a light absorber in combination with typical organic photovoltaic materials. Poly(3-octylthiophene)(P3OT) was used as a conductive electron-donating polymer and fullerene was used as the other electron-accepting material for the organic solar cells in this study. However, P3OT is assumed to act as a light absorber with CIS as well as a polymeric binder for the homogeneous dispersion of CIS powder in photoactive layer. Bilayer and bulk heterojunction type photovoltaic cells were fabricated by using the spin coating or electrodeposition method.
Experimental
Materials. 3-Octylthiophene and buckminsterfullerene C 60 were purchased from Aldrich and used without further purification. The CuCl 2 , InCl 3 , and SeO 3 used for the synthesis of CIS were all of reagent grade obtained from Aldrich. The † To whom correspondence should be addressed. E-mail: jskim@cnu.ac.kr aqueous dispersion of the conductive polymer, PEDOT/PSS (poly(3,4-ethylenedioxythiophene)-poly(styrenesulfonate)) (Baytron P), was purchased from Bayer AG.
Synthesis of P3OT and CIS. P3OT was prepared by a partial modification of the previously reported method using the oxidation of the monomers with FeCl 3 in chloroform. 7 The CIS powders on ITO were prepared by the electrodeposition method of literature. 8 For the formation of insertion layer of CIS on ITO, PEDOT-PSS was coated by using a spin coater for 20 sec at 1000 rpm and 40 sec at 4000 rpm, followed by vacuum drying for 15 min at 80 ℃. The coated ITO with PEDOT-PSS was electrodeposited with CIS in the same electrolytic solution used for the CIS powder preparation.
Preparation of P3OT-Fullerene Bulk Heterojunction. ITO glass was coated with PEDOT-PSS as described above. On this glass was spin-coated the mixture of P3OT and fullerene (4:1) dissolved in toluene (1.25 wt%) for 20 sec at 500 rpm and 40 sec at 1500 rpm. An Al electrode was deposited on it by thermal vacuum evaporation.
Preparation of CIS/P3OT-Fullerene Bilayer Heterojunction.
The ITO glass electrodeposited with CIS was spin-coated with a mixed solution of P3OT and fullerene as described above followed by Al electrode fabrication.
Preparation of CIS-P3OT-Fullerene Bulk Heterojunction.
The CIS powder was separated and assembled by scribing it with a spatula from the ITO glass. The obtained powder was mixed with P3OT and fullerene in toluene and dispersed with an ultrasonicator for 1 hr. The dispersion was spin-coated on ITO as described above.
Instrumental Analysis of Electrochemical and Photovoltaic
Properties. The surface morphology of CIS and the composite was analyzed with a JEOL JSM-700F SEM. The samples were coated with platinum using an Eiko IB-3 ion coater. The absorption spectra were obtained with a PerkinElmer UV-2550 UV-VIS spectrophotometer. For the absorption spectra, P3OT and CIS were spin-coated on quartz using a solution of P3OT in toluene and a dispersion of CIS in water/ethylene glycol. On the other hand, fullerene was thermally evaporated in a vacuum for the absorption spectra.
The composition of CIS was analyzed using a Perkin Elmer 
Results and Discussion
CIS is a ternary compound composed of copper, indium, and sulfur (or selenium). CIS has an optical band gap that matches well with the solar spectrum and has a high absorption coefficient of ca. were obtained using cyclic voltammetry and electronic absorption spectroscopy. In the case of the composite of P3OT and fullerene, it is clear that P3OT is a light absorber and electrondonating material and that fullerene is an electron accepting material, as confirmed by the previously measured results.
P3OT was found to have to an ionization potential of 5.2 eV, which corresponds to the valence band level, and fullerene was found to have a conduction band level of 3.8 eV. 10 In this study, we blended CIS microparticles to P3OT and fullerene as the third component. The photovoltaic cells were prepared from the three basic materials, viz. CIS, P3OT, and fullerene, using different blending methods. Figure 2 shows the structure of the prepared cells. As shown in Figure 2 
Conclusions
Although CIS particles are a good candidate as a light absorber and semiconductor which can be blended with organic photovoltaic materials, it was found that the addition of CIS particles shows no positive effect for the enhancement of the organic solar cell performance. The blending of CIS particle causes the decrease of both photovoltaic voltage and current. However, it is suggested that this study might be applied to other types of inorganic solar cell material and supply a potential method in the searching of new photovoltaic materials with improved flexibility and processing property. Current(mA)
